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1
GAS AMOUNT MEASUREMENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from prior Japanese Patent Application No. 2008-
006205, filed Jan. 13, 2008, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a gas amount measurement
device. More specifically, the present invention relates to a
gas amount measurement device for measuring an entire
amount of gas contained in molten metal or an amount of gas
attached to an inclusion.

2. Description of the Related Art

Conventionally, a specific metal or alloy 1s used for a com-
ponent such as a vehicle engine. Meanwhile, 1t 1s generally
known that an amount of impurity gas per unit weight after
refining a component 1s smaller than that before refining. This
1s because the impurity gas contained 1n a sample, that 1s, the
component vaporizes during refining. In such a case, the
refined component 1s molten again so as to reduce the amount
of impurity gas 1n the component as much as possible. How-
ever, the melting of the refined component again undesirably
causes a cost hike.

Furthermore, recycling has recently become popular for
used metal products from the viewpoint of effective use of
resources. However, 11 an aluminum product, for example, 1s
melted, various types of gases such as hydrogen gas, carbon
dioxide gas, oxygen gas, and mitrogen gas are released. Dueto
this, 1f the used aluminum product 1s cast in a mold, bubbles
disadvantageously remain 1n an obtained product and pin-
holes or the like undesirably occur 1n the obtained product.

To solve these problems, it 1s proposed to measure a gas
amount 1n molten metal. A measurement device including a
chamber containing the molten metal, a pump setting an
internal pressure of the chamber to a predetermined pressure,
and a measuring unit measuring the internal pressure of the
chamber, and measuring a gas amount from a pressure rise

due to gas released from the molten metal 1s disclosed 1n, for
example, Jpn. Pat. Appln. KOKAI Publication No. 2003-

83865.

However, with the technique disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2003-83865, the measurement
device can only measure the total amount of all the gases
present, but not individual gases.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a gas
amount measurement device capable of measuring an abso-
lute amount of a specific type of gas contained in molten
metal or attached to an inclusion and more accurately grasp-
ing characteristics of an obtained product.

According to an aspect of the present invention, there 1s a
gas amount measuring device for measuring an amount of gas
contained 1n molten metal or an amount of gas attached to an
inclusion, comprising: a vacuum container contaimng therein
the molten metal; a first pipe connected to the vacuum con-
tainer, an air release valve being attached to the first pipe; a
second pipe connected to the vacuum container, a calibration
gas generator being attached to the first pipe; a third pipe
connected to the vacuum container, a vacuum gauge, a first
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2

valve, a leak valve, a second valve, a turbomolecular pump, a
third valve, and a roughing pump being attached to the third
pipe in order from a vacuum container side; a first bypass pipe
connecting the third pipe between the vacuum container and
the first valve to the third pipe between the leak valve and the
second valve, a fourth valve being attached to the first bypass
pipe; and a second bypass pipe connecting the third pipe
between the leak valve and the second valve to the third pipe
between the third valve and the roughing pump, a fifth valve
being attached to the second bypass pipe.

The present invention can provide a gas amount measure-
ment device capable of measuring an absolute amount of a
specific type of a gas contained in molten metal or attached to
an inclusion and more accurately grasping characteristics of
an obtained product.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s an overall view of a gas amount measurement
device according to a first embodiment of the present inven-
tion;

FIG. 2 1s a characteristic chart showing the relationship
between an internal pressure of a vacuum container and time
whether a sample 1s present (curve B) or absent (curve A) in
the gas amount measuring device shown 1n FIG. 1;

FIG. 3 1s a characteristic chart showing the relationship
between a pressure difference corresponding to the charac-
teristic chart of FIG. 2 and the counts of the same peak
pressures 1 FIG. 2; and

FIG. 4 1s an overall view of a gas amount measurement
device according to a second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

Examples of a configuration of the calibration gas genera-
tor include a configuration of including two calibration valves
arranged on a second pipe to be away from each other and a
vacuum gauge measuring a pressure of a standard reference
gas contained 1n the second pipe (pipe portion) between these
calibration valves. A standard reference gas 1s fed to the pipe
portion by, for example, a cylinder to maintain the internal
pressure ol the pipe portion at a certain air pressure. There-
fore, 11 a temperature of the pipe portion 1s obtained while
keeping a volume of the pipe portion at a certain volume and
the internal pressure thereof at an air pressure of 1 atm, the
number of moles of the standard reference gas of the pipe
portion can be calculated from a general equation of pressure
and volume, to be described later.

Specifically, the number of moles can be calculated by the
following equation.

PV=nRT

In the equation, P denotes pressure (atmospheric pressure), V
denotes the volume of the pipe portion (volume between the
calibration valves) (liters), T denotes an absolute temperature
of gas (K), R denotes a gas constant (constant value), and n
denotes the number of moles of the standard reference gas.

According to the present invention, it 1s preferable to pro-
vide a heater 1n a vacuum container so as to heat a molten
metal. Specifically, the heater 1s arranged outside of a sample
cup as shown 1n FI1G. 4. By doing so, it 1s possible to suppress
a temperature fall of the molten metal contained in the sample
cup.

According to the present invention, 1n order to calculate an
absolute amount of a specific type of gas contained in the
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molten metal, the following process 1s carried out. First, a
characteristic chart having constant pressure 1s obtained from
the relationship between the internal pressure of the vacuum
container and the time 1 the molten metal 1s absent 1n the
vacuum container. Next, the molten metal 1s placed i the
vacuum container, and an impurity gas amount Ss of impurity
gas from the vacuum container in this state 1s detected based
on the characteristic chart. The standard reference gas to be
measured flows from a calibration gas generator into the
vacuum container, and a standard reference gas amount Sr in
this state 1s detected based on the characteristic chart and the
impurity gas amount Ss, thereby obtaiming the absolute
amount of the gas amount of the specific type of gas.

L1

DESCRIPTION OF THE PREFERRED
EMBODIMENT EXAMPLE

A gas amount measurement device according to the present
invention will be described hereinafter with reference to the
accompanying drawings.

First Embodiment

Referring to FI1G. 1, reference symbol 1 denotes a vacuum
container including a freely opening/closing cover 2. A
sample cup 3 containing therein molten metal (not shown)
serving as a sample 1s arranged 1n the vacuum container 1. A
first pipe 5a, to which an air release valve 4 1s attached, 1s
connected to an upstream side of the vacuum container 1. A
second pipe 5b, to which a calibration gas generator 6 1s
attached, 1s connected to the upstream side of the vacuum
container 1. The calibration gas generator 6 1s configured to
include calibration valves 7a and 7h, a manometer 8 con-
nected to the pipe 5b between the valves 7a and 7b, and a
cylinder 9. The internal pressure of the pipe 556 (pipe portion)
between the valves 7a and 75 of the calibration gas generator
6 1s regulated to an air pressure of 1 atm at the time of tlowing
the calibration gas.

A third pipe Sc 1s connected to a downstream side of the
vacuum container 1. A vacuum gauge 13 measuring the inter-
nal pressure of the vacuum container 1, a filter 10, a first valve
11a, a leak valve 12, a second valve 115, a turbomolecular
pump 14, a third valve 11¢, and a roughing pump 15 are
arranged on the third pipe 5¢ 1n order from vacuum container
1 side. The second valve 115 and the third valve 11c¢ are
provided to prevent the turbomolecular pump 14 from being
destroyed when the sample 1s put into or taken from the
vacuum container 1. The turbomolecular pump 14, which 1s
used when an amount of gas released from the molten metal
1s small, constantly operates. This 1s intended to prevent
working time loss by turning on or oil the turbomolecular
pump 14.

The pipe 5¢ between the filter 10 and the first valve 11a 1s
connected to the pipe 5¢ between the leak valve 12 and the
second valve 115 by a first bypass pipe 16. A fourth valve 114
1s provided on the first bypass pipe 16. The pipe 5¢ between
the leak valve 12 and the second valve 115 1s connected to the
pipe Sc between the third valve 11¢ and the roughing pump 15
by a second bypass pipe 17. A {ifth valve 11e 1s provided on
the second bypass pipe 17. The bypass pipes 16 and 17 are
used 11 an amount of the released gas 1s large and the roughing,
pump 15 directly evacuates the gas.
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The operation performed by the gas amount measurement
device configured as stated above 1s as follows.

(1) Belore the Molten Metal 1s Contained 1n the Sample
Cup 3:

First, the first valve 11a, the second valve 1154, and the
fourth valve 114 are tully closed, the third valve 11¢ and the
fifth valve 11e are fully opened, and the roughing pump 15 is
operated. Thereafter, the turbomolecular pump 14 1s oper-
ated. In this state, the air release valve 4 1s fully opened and
the cover 2 of the vacuum container 1 1s lifted. The sample cup
3 1s put into the vacuum container 1 and the cover 2 1s closed.
The air release valve 4 and the third valve 11 ¢ are fully closed,
the fourth valve 114 1s fully opened, and the gas within the
vacuum container 1 1s evacuated by the roughing pump 135
through the first and second bypass pipes 16 and 17. If the
amount of the gas within the vacuum container 1 1s small, then
the fifth valve 11e 1s fully closed with the fourth valve 114
kept fully opened, the second valve 115 and the third valve
11c¢ are fully opened, and the gas within the vacuum container
1 1s evacuated by the turbomolecular pump 14 and the rough-
ing pump 135 only through the first bypass pipe 16. By mea-
suring the internal pressure of the vacuum container 1 using
the vacuum gauge 13 1n this state, a graph having gradually
talling pressure 1s obtained as indicated by a curve A shown 1n
FIG. 2.

(2) After the Molten Metal 1s Placed 1n the Sample Cup 3:

First, the roughing pump 15 1s stopped (the roughing pump
15 1s stopped after the turbomolecular pump 14 1s stopped 11
the turbomolecular pump 14 operates), and then the air
release valve 4 1s released (returned to an air pressure of 1
atm). After the cover 2 of the vacuum container 1 1s lifted and
the sample 1s put into the sample cup 3, the cover 2 1s closed.
Next, by performing a similar operation to that described in
(1) above, the internal pressure of the vacuum container 1 1s
measured using the vacuum gauge 13. As a result, a graph
having large and small peaks 1s obtained as indicated by a
curve B shown 1n FIG. 2.

(3) Supply of Calibration Gas:

After passage of time T, (e.g., four minutes and 20 sec-
onds) since the sample 1s put into the sample cup 3 within the
vacuum container 1, a standard reference gas at an air pres-
sure of 1 atom, e.g., N, 1s input into the pipe 55 (pipe portion)
between the calibration valves 7a and 7b. The calibration
valve 7b 1s opened to itroduce N, into the vacuum container
1 from the pipe 56 for predetermined time (1,-T,). As a
result, a curve C having a longer tailed large peak caused by
the calibration gas 1s obtained as indicated by a curve C shown
in FIG. 2. Using the curves C and A, the number of molecules
Srirom T, to T, 1s obtained. Since PV=nRT (where P denotes
a pressure of the pipe portion, V denotes a volume of the pipe
portion, n denotes the number of moles, R denotes a constant,
and T denotes a temperature of the pipe portion), the number
of moles n can be obtained. FIG. 2 shows that (1) the gas 1s
released to the space of the vacuum container 1 from within
the molten metal contained in the sample cup 3 and that (2)
released conditions of the gas 1s composite simultaneous gas
release with appearance of large and small pressure peaks and
static gas release without appearance of pressure peaks.

FIG. 3 1s a characteristic chart showing the relationship
between pressure diflerence corresponding to the character-
istic chart of FI1G. 2 and the counts of the same peak pressures
in FIG. 2. FIG. 3 shows a projecting gas released amount 1n
pressure per peak event as a function of the peak counts from
the molten metal. The projecting gas released amount 1s pro-
portional to the peak pressure. In this case, as the peak pres-
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sure 1s higher and the peak counts 1s larger, a large amount of
gas that tends to form gas bubbles (bubbles) 1s contained 1n
the molten metal.

In this way, the gas amount measurement device according
to the first embodiment 1s configured to include the calibra-

tion gas generator 6 that 1s provided on the upstream side of
the vacuum container 1 and that includes the calibration

valves 7a and 7b, the manometer 8 connected to the pipe
portion between the valves 7a and 75, and the cylinder 9. It 1s,
therefore, possible to measure the amount of each type of gas.

In the first embodiment, the instance of using N, as the
standard reference gas has been described. However, the
present mnvention 1s not limited to the instance and an arbitrary
type of gas such as H, or He can be used as the standard
reference gas.

Second Embodiment

Referring to FIG. 4, a gas amount measurement device
according to a second embodiment will be described. The
same constituent elements shown 1n FIG. 4 as those shown 1n

FIG. 1 are denoted by the same reference symbols and will not
be described herein. The second embodiment 1s character-
1zed, as compared with the first embodiment shown 1n FIG. 1,
in that a heater 21 1s provided around the sampling cup 3.

According to the second embodiment, temperature fall of
the molten metal contained 1n the sample cup 3 can be sup-
pressed by presence of the heater 21.

The present invention 1s not limited to the first and second
embodiments but can be carried out by moditying the con-
stituent elements within the scope of the mvention. Further-
more, various mventions can be created by appropriate com-
binations of a plurality of constituent elements disclosed in
the first and second embodiments. For example, several con-
stituent elements can be eliminated from all the constituent
clements shown 1n the first and second embodiments. Spe-
cifically, while the filter 1s provided on the pipe, the filter 1s not
always necessary. In addition, the heater arranged around the
sampling cup 1s not always necessary. Further, the constituent
clements of the first and second embodiments can be appro-
priately combined. Further, while the mstance of measuring
the amount of pure gas contained 1n the molten metal has been
described 1n the first and second embodiments, the present
invention 1s also applicable to an instance of observing an

inclusion while measuring the amount of gas attached to the
inclusion.
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What 1s claimed 1s:

1. A gas amount measuring device for measuring an
amount of gas contained in molten metal or an amount of gas
attached to an inclusion, comprising:

a vacuum container containing therein the molten metal;

a first pipe connected to the vacuum container, an air
release valve being attached to the first pipe;

a second pipe connected to the vacuum container, a cali-
bration gas generator being attached to the first pipe;

a third pipe connected to the vacuum container, a vacuum
gauge, a first valve, a leak valve, a second valve, a
turbomolecular pump, a third valve, and a roughing
pump being attached to the third pipe n order from a
vacuum container side;

a first bypass pipe connecting the third pipe between the
vacuum container and the first valve to the third pipe
between the leak valve and the second valve, a fourth
valve being attached to the first bypass pipe; and

a second bypass pipe connecting the third pipe between the
leak valve and the second valve to the third pipe between
the third valve and the roughing pump, a fifth valve being
attached to the second bypass pipe.

2. The gas amount measuring device according to claim 1,

wherein a heater heating the molten metal 1s provided in the
vacuum container.

3. The gas amount measuring device according to claim 1,

wherein the calibration gas generator includes

two calibration valves arranged on the second pipe to be
away from each other; and

a pressure gauge measuring a pressure of a standard refer-
ence gas contained 1n a pipe portion between the two
calibration valves.

4. The gas amount measuring device according to claim 3,

wherein a heater heating the molten metal 1s provided in the
vacuum container.

5. The gas amount measuring device according to any one

of claims 1 to 4,

wherein an absolute amount of a standard reference gas 1s
calculated by obtaining a characteristic chart showing,
constant pressure from a relationship between an inter-
nal pressure of the vacuum container and time if the
molten metal 1s not present in the vacuum container,
detecting an impurity gas amount Ss from the vacuum
container in a state of containing the molten metal 1n the
vacuum container based on the characteristic chart, and
detecting a standard reference gas amount Sr 1n a state of
flowing the standard reference gas to be measured from
the calibration gas generator into the vacuum container
based on the characteristic chart and the impurity gas
amount Ss.
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